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Observational epidemiologic research is very important in establishing the safety 
and risks of medication use and  lifestyle factors  in pregnancy. Data for different 
kind of observational studies can be obtained in various ways. In this thesis we 
evaluated different modes of data collection that can be used.   

 

Data collection and response rate 

Direct data collection via pen-and-paper questionnaires from exposed subjects or 
subjects with a certain medical condition or the outcome under study themselves, 
has been one of the traditional methods of gathering the required data for 
observational epidemiological research. In the studies shown in Chapter 2.1 and 
2.2 a traditional once-only questionnaire was administered to pregnant women 
attending their midwife or gynaecologist to collect information about their folic 
acid supplementation before and during pregnancy. Recent literature suggests an 
overall decline in recruitment rates for epidemiological studies over the last 
decades [1]. Yet in our folic acid study from 2009 (Chapter 2.1), recruitment rate 
was very high. All questionnaires were handed out and only a few women refused 
to fill out the questionnaire, leading to a recruitment rate of 94%, which is even 
higher than in the earlier monitors starting in 1995 where recruitment rates varied 
from 75 to 90% [2]. However for the folic acid monitor carried out in 2014 in the 
Northern Netherlands (Chapter 2.2), response rate dropped considerably. From all 
questionnaires that were sent to the participating practices, 49.7% was completed 
and returned. Follow-up calls to the participating practices to inform about the 
study progress might have been less frequent, but the only methodological 
difference between the 2014 survey and the previous ones was that in the earlier 
surveys participating midwiferies and gynaecological departments were provided 
with a financial incentive for every completed questionnaire that was returned. For 
the 2014 survey there was no available budget for incentives. Although the 
majority of practices that were approached agreed with participation, the absence 
of the incentive had a direct impact on the efforts of the health care workers 
involved and as a consequence on the number of returned questionnaires. 
Literature had already demonstrated the stimulating effect of incentives on 
response rates when approaching possible participants including physicians [3,4].  

Another point that was raised by the participating health care workers that might 
have influenced response rate was the vast amount of research conducted in the 
field. Midwiferies and gynaecologists were asked to cooperate in a lot of research 
and they were reluctant to ask consulting pregnant women to participate in yet 
another study and provoke irritation. It has been shown that there has been an 
increase in research studies over the last decades, and the epidemiologic studies 
conducted have become increasingly demanding and complicated [1].  
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Maybe we ask too much of our target population, creating overall reluctance to 
attend epidemiological research that might contribute to the declining response 
rates observed. 

 

Web-based questionnaires in relation to sample size  

One of the methods to meet the declining response rates in traditionally 
conducted epidemiological surveys is thought to be the administration of a web-
based questionnaire [5,6,7]. Generally, response rates for web-based 
questionnaires have been lower than for mailed questionnaires [5,8]. Furthermore, 
as shown in Chapter 4.1, where we investigated available literature on the use of 
web-based surveys examining a pregnancy-related topic, for web-based surveys 
using open recruitment via the Internet, it is usually not possible to determine 
response rate. The actual size of the target population and the number of 
individuals than can be reached is mostly unknown. Yet the feasibility to build a 
fairly simple web site and to reach your target population online might render the 
possibility to collect a relatively large number of respondents at little expense [7]. 

In our review of the use of web-based surveys in pregnant or recently pregnant 
women examining a pregnancy-related topic (Chapter 4.1) the number of 
participants recruited per day varied widely from 0.4 to 663 participants per day. 
Recruitment numbers highly depend on the target population and the recruitment 
methods used [9]. Studies included in our review investigated very different topics 
with relating target populations and they used very different recruitment 
strategies.  

For the PROTECT pregnancy study, (Chapter 4.2), a European prospective study run 
in Denmark, The Netherlands, Poland and the UK on new methods for data 
collection, where pregnant women were asked to provide information about their 
health, lifestyle factors and medication use via the Internet, the number of 
participants fell short of expectations from the start. We aimed to recruit 1200 
pregnant women per participating country (a total of 4800) for the Internet survey, 
but after increasing our efforts and our recruitment budget we finally were able to 
recruit 2065 women that completed the baseline questionnaire. The limited 
recruitment period compared to what was originally planned also played a role in 
not reaching our recruitment target.  

For our study on asthma perception during pregnancy (Chapter 4.3), we also 
targeted pregnant women with asthma via the Internet. The call for participation 
was available online during a period of more than a year and resulted in only 15 
respondents starting the questionnaire of whom  11 completed it. The asthma 
perception study might have been able to recruit more participants if the 
recruitment strategies were elaborated.  
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The only announcement of the study was on the website of The Lung Foundation 
Netherlands (Het Longfonds), the Dutch patients’ association for people with 
chronic lung disease. Calls could have been made on other websites relating to 
asthma and/or pregnancy as well or pregnant women with asthma could have 
been targeted at discussion platforms or via social media for example. 

The overall design of the study website and the questionnaire used is of great 
importance as well [10]. Communicating information about the purpose and the 
study itself should be plain and clear [11]. For the PROTECT pregnancy study we 
aimed to be as complete as possible when informing potential participants about 
the study purpose and design since respondents have to be able to give a fully 
informed consent. People are more willing to respond to a survey when it shows 
authority [10,11], but one has to be careful not to scare people of by using 
language that is difficult to understand, especially for the lower educated. Another 
pitfall is to address every possible small risk participation entails, for example with 
privacy, and stress all actions taken to minimize them which might deter possible 
participants instead of providing reassurance.   

Collecting a large sample of web-based survey respondents via the Internet is very 
well possible, but there is no guarantee for success. For the recruitment of a 
sufficient sample of participants the investigator needs a lot of creativity and 
Internet-literacy and it takes a lot of effort and coordination to build an appealing 
website and roll out an adequate recruitment strategy [11]. For a study as large as 
the PROTECT pregnancy study an expert in the areas related to the target 
population and website design and recruitment might have saved us a lot of 
problems and costs. 

The size of a sample is not everything though. Selection bias lays wait when 
respondents differ from non-responders [5,9] and as stated in the introduction, 
selectivity has been seen as one of the major pitfalls for Internet samples for 
epidemiologic research. Chapter 4.2 shows that in our PROTECT pregnancy study 
participants differed substantially at several points from the target population. But 
this is not a potential problem solely for Internet surveys. The evaluation of the 
representativeness of potential controls recruited via midwiferies where data was 
collected by pen-and-paper questionnaires (Chapter 2.3) showed selectivity of the 
sample as well. Literature confirms that respondents attending a web-based survey 
are comparable to the ones participating in traditional survey methods [5,12]. 
Furthermore, the Internet might bring opportunities to circulate the 
announcement of a survey on a large scale, but literature shows that people 
recruited via the Internet to form a cohort had a higher rate of lost to follow-up 
than people recruited offline [13]. The PROTECT pregnancy study showed a high 
drop-out rate as well, with only 30% of participants with a due date within the 
study period to be followed throughout pregnancy. When respondents that are 
lost to follow up differ from people that retain in respect to relevant exposures, 
selection bias will increase. 
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Indirect data collection 

The third section of this thesis discussed four studies where data was used from a 
pharmacy prescription database and a birth defect registry. These studies all 
looked at the use of certain medication during pregnancy, either to assess 
prevalence of medication use (asthma medication in pregnancy in Chapter 3.1), 
associations between medication use and certain outcome in the offspring (high-
dose folic acid during pregnancy and asthma symptoms in the offspring in Chapter 
3.2 and folic acid antagonists during pregnancy and folic acid sensitive birth defects 
in Chapter 3.3) or the feasibility to combine both databases to generate signals of 
teratogenic risk of drugs for further research (chapter 3.4). Chapter 3.1 shows that 
pharmacy prescription data are very valuable for drug-utilization studies. Despite 
obvious limitations like the lack of information on actual use, indication for 
prescription and maternal characteristics and possible missing data, we gained 
important understanding of the continuation of asthma medication around 
pregnancy. The demonstrated patterns of refraining or changing established 
asthma medication when planning a pregnancy or after pregnancy confirmation, 
were confirmed by our asthma perception study (Chapter 4.3) where we used a 
completely different approach and asked pregnant women themselves about their 
asthma medication use and changes before and during pregnancy. These 
corresponding results show that pharmacy prescription data can be a good data 
source for epidemiological research, even when the dosing of the medication 
prescribed is not very uniform as is especially the case with inhalation medication 
where number of inhalations will be adapted to current asthma symptoms. 

For epidemiological research investigating risk patterns for certain disease 
outcomes however, a pharmacy prescription database lacks outcome information 
and information on other maternal risk and possible confounders. One way to 
assess disease outcome using a pharmacy prescription database is to take 
medication use for the outcome under study as a proxy for that outcome as 
elaborated in Chapter 3.2. This method has been used for several outcomes in the 
offspring lately, like the use of laxatives and antidiarrheal medication as a proxy for 
constipation and diarrhoea respectively, drugs for pulmonary diseases as a proxy 
for disturbed respiratory tract development and the use of local steroids as a proxy 
for allergic diseases and shows to be very usable [14-16]. The associations found 
were adjusted for any possible confounders known, but since there is no 
information on other maternal and pregnancy characteristics, residual confounding 
cannot be excluded. Therefore it would be very helpful if a pharmacy dispending 
database like the IADB.nl could be linked to other databases like among others, the 
Stichting Perinatal Registration Nederland (PRN) [17]  containing maternal data, 
pregnancy data and data on pregnancy outcome. A recent EUROmediCAT study 
showed  that linkage of prescription databases to birth defect registries improve 
the quantity and quality of information on maternal medication use in pregnancy 
[18]. 
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Using a birth defect registry for assessing possible relations between medication 
use in pregnancy and certain birth defects  entails the challenge of finding an 
adequate control group. The signal detection study (chapter 3.4) showed that 
combination of data from a population based pharmacy prescription database with 
data from a birth defect registry can be used for signal detection. However, the 
method is not suitable for establishing possible relations, since case-group, 
pregnancies of children with a congenital malformation registered within the 
EUROCAT NNL database, and control-group,  pregnancies detected in the IADB.nl 
database, are  not comparable concerning data collection and composition. In 
chapter 3.3 malformed controls affected by a chromosomal or other genetic 
abnormality registered within the EUROCAT NNL database were used. Taking 
malformed controls from the same database guarantees consistent collection of 
data on maternal characteristics, exposures and pregnancy outcomes for both 
cases and controls. By only taking chromosomal and genetic disorders as controls, 
that have their origin before development of the fetus the chances of 
misclassification are very low and recall bias is avoided. Controversy remains 
though, because in the end, one cannot be complete sure that there is no 
association between the malformations in the control group and the drug under 
study, which would lead to an underestimation of the association studied [19,20].  

Therefore we started a pilot to set up a database with information on pregnancies 
where the mother gave birth to a non-malformed baby. Results are shown in 
chapter 2.3. The Healthy Pregnant database turned out not to be representative 
for the general pregnant population in the northern part of the Netherlands 
though and numbers recruited were low. As the PROTECT pregnancy study also 
showed, it is very hard to compile a pregnancy cohort that is really population 
based and representative due to low response rates and definite differences 
between participating women and women not included in the pregnancy cohort. 

Another challenge when performing risk assessment studies looking at birth 
defects, and especially birth defects that are rare is the problem of acquiring an 
adequate number of cases. When using the EUROCAT NNL database covering 
approximately 10% of all births in the Netherlands and  containing more than 
14,500 registered pregnancies and children with congenital anomalies [21]. 
Chapter 3.3 and 3.4 show that for the assessment of several associations between 
medication use and congenital malformations, numbers are too low. Even when a 
malformation is relatively common like heart defects (around 8 per 1000), low 
prevalence of medication use might lead to too few exposed cases for an accurate 
risk assessment. The EUROCAT network includes 43 registries of congenital 
anomalies in 23 countries, covering 29% of all births in Europe. Combining data 
from all these birth defect registries will largely increase statistical power to 
demonstrate teratogenic effects of medications [22]. 

The estimated average of major congenital malformations in the general 
population is approximately 3% [23,24].  
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In the PROTECT pregnancy study including 464 women that were followed until 
childbirth, only about 14 children with a major birth defect are to be expected. This 
implies that for a database like the PROTECT pregnancy study to be useful for the 
assessment of relations between certain exposures and particular congenital 
malformations, the study needs to be extensively expanded involving 
corresponding effort and costs. The question arises whether a big enough online 
pregnancy cohort like this will be feasible. 

  

Folic acid supplementation 

Finally, I would like to refer to the other focal points mentioned in the general 
introduction, starting with folic acid supplementation before and during 
pregnancy. The surveys addressing folic acid use before and during pregnancy from 
2009 and 2014 presented in chapter 2.1 and 2.2 show that the recommended use 
of a folic acid supplement containing at least 400µg from 4 weeks before 
conception until 8 weeks thereafter has stabilized a at a level just over 50% in the 
Northern Netherlands, despite initial declining of knowledge about the 
recommended period. Yet there is a lot to gain in the prevention of NTDs, since the 
other half of all pregnant women do not use folic acid as recommended. Education 
about the preventive effects on NTDs and adequate use of folic acid 
supplementation should find unabated progress and new initiatives might be able 
to increase recommended folic acid use. Levels of 100% will never be reached, 
there will always be unplanned pregnancies or women that are uninformed, 
indifferent or unconvinced about the benefits of folic acid supplementation. There 
is an on-going debate about the benefits and drawbacks of fortification of foods 
(mostly staple foods like grain products) with folic acid [25,26]. In the Netherlands 
and other EU countries there is no mandatory fortification of foods with folic acid 
unlike in the USA, Canada and other countries. In the US mandatory food 
fortification with folic acid has thought to have prevented a substantial number of 
NTDs so far [27]. Chapter 3.2, where we conclude that high dose folic acid use 
during pregnancy might increase the risk of childhood asthma pleads for some 
restraint though in the case of unlimited folic acid supplementation or fortification. 
Yet in spite of plurality of research, a lot is still unclear about the benefits and 
possible drawbacks of folic acid supplementation. 

 

Asthma medication in pregnancy 

Chapter 3.1 as well as Chapter 4.3 investigating the use of asthma medication in 
pregnancy and women’s perceptions about their asthma and asthma treatment, 
show that in the field of asthma management during pregnancy there is still a lot to 
gain.  
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Latest guidelines are often not being followed and although there is sufficient 
knowledge about the relative safety of asthma medication over poorly controlled 
asthma, reluctance among physicians to maintain newer asthma medication 
throughout pregnancy is persistent. Training of health care workers involved in 
asthma treatment should stress the importance of adequate asthma control during 
pregnancy for the health of mother and child and should address possible residual 
concerns about medication safety to be able to provide reassurance.  

 

In summary 

This thesis show that the several methods of data collection on risk factors in 
pregnancy, for observational epidemiological research all have their pros and cons, 
including those using new methodology like collecting data via the Internet. The 
use of a questionnaire enables the researcher to collect sufficient data on all 
variables needed including possible confounding factors identified beforehand. 
When using traditional recruitment methods like mail or telephone, source 
population is known and recruitment rates can be calculated. Follow-up often is 
higher than with Internet samples. Internet recruitment on the other hand renders 
the possibility of reaching a broad target population. Technology has evolved very 
fast over the last decade. Especially young people are permanently connected to 
the Internet using their smartphones and their social lives takes place on discussion 
platforms and social media to a great extent. With millions of webpages with 
information on every topic imaginable, the Internet is the first place where people 
will start to look when searching for information. Therefore, Internet might be a 
better way to approach women in fertile age.  Sufficient knowledge is of great 
importance though, because numbers recruited vary a lot depending on target 
population, recruitment strategy and design of the study-website. Prospective 
direct data collection provides information about exposure that is more complete 
than information collected retrospectively and avoids recall bias. Databases 
capturing existent medical data like a pharmacy prescription database have the 
advantage that population based data is available for a large number of subjects. 
Linkage of different kind of datasets can be very valuable in contributing to a 
dataset for risk-assessment studies containing data that is as valid and complete as 
possible. 
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